The antibacterial and free radical scavenging activity, and the general toxicity of two diarylheptanoids, hirsutanolol (1) and oregonin (2), and a flavonoid, genkwanin (3), isolated from the methanol extract of the seeds of Alnus glutinosa, were assessed by the 96 well-based serial dilution antibacterial assay using resazurin as an indicator of cell growth, the DPPH assay, and the brine shrimp lethality assay, respectively.
Alnus glutinosa (L.) Gaertn. (Family: Betulaceae), commonly known as 'black alder' or 'european alder', is one of the ca. 30 species of trees and shrubs of the genus Alnus [1, 2] , and well distributed in a number of countries in northern Africa, temperate Asia and Europe. Various types of plant secondary metabolites have previously been reported from this plant A. glutinosa [3, 4] . Most recently, we reported the isolation, identification and chemotaxonomic significance of diarylheptanoids and a flavonoid from A. glutinosa [5] . Traditionally, this plant has been used to treat various ailments and as an astringent, bitter, emetic and haemostatic [6, 7] . The biological activities of the crude extracts of this plant have also been reported [8] .
As a part of our continuing studies on the phytochemistry and bioactivity of some selected Scottish plants, we now report on the antibacterial and free radical scavenging activity, and the general toxicity of two diarylheptanoids, hirsutanolol (1) and oregonin (2) and a flavonoid, genkwanin (3), isolated from the methanol extract of the seeds of Alnus glutinosa.
All three compounds (1-3) were isolated from the methanol extract by a combination of solid-phase extraction and reversed-phase preparative HPLC [5] . The structures of these compounds were elucidated by spectroscopic means [5] , as well as by direct comparison with the respective published data [9] [10] [11] [12] [13] [14] . The brine shrimp lethality assay [15] , which has been proven to be an effective and rapid assay method to screen compounds for potential cytotoxic activity, was used to determine the general toxicity of compounds 1-3. Compound 1 and 2 did not show any toxicity towards the brine shrimp at test concentrations (Table 1) . From Probit analysis [16] , the LD 50 value of 1 was found to be 1000 μg/mL, whereas that of the control podophyllotoxin, a well known cytotoxic lignan, was 2.79 μg/mL ( Table 1 ). The absence of activity or the high LD 50 value of these compounds indicated very low general toxicity, which could be useful if these compounds were to be treated as safe natural antioxidants or antimicrobial agents. mg/mL, respectively, compared to 2.88 x 10 -5 mg/mL for quercetin, a well-known natural antioxidant. The antioxidant activity of 1-3, like other natural phenolic antioxidants is a consequence of the presence of the phenolic moieties in the structures [19] .
NPC Natural Product Communications
The antioxidant activity of phenolic natural products is predominantly due to their redox properties, i.e. the ability to act as reducing agents, hydrogen donors and singlet oxygen quenchers, and to some extent, could also be due to their metal chelation potential [19] . While all three compounds have previously been reported to possess antioxidant properties in various assays [20] , their quantitative 2,2-diphenyl-1-picrylhydrazyl free radical scavenging potencies have never been assessed using the DPPH assay. The high levels of antioxidant activity of these compounds (1-3) may contribute to their various other bioactivities reported in the literature [20] .
None of the test compounds (1-3) showed any antibacterial activity at test concentrations against Lactobacillus plantarum, Proteus mirabilis and Staphylococcus aureus (MRSA). While the most potent antibacterial activity was exhibited by genkwanin (3) against Bacillus cereus (MIC = 0.5 μg/mL), oregonin (2) displayed the most clinically significant activity against the penicillin resistant E. coli (MIC = 50 μg/mL). Genkwanin (3) was also active against the penicillin resistant E. coli, but with a higher MIC value (200 μg/mL). Compound 2 was also active against B. cereus, K. aerogenes and S. aureus. Among the test compounds, 3 was the most active one, and showed antibacterial activity against seven of twelve bacterial strains (Table 2) . Apart from the activity against E. coli, with a high MIC value, hirsutanolol (1) did not show any activity against any other strains. To our knowledge, this is the first report on the antibacterial properties of compounds 1 and 2. While the antibacterial activity of 3 was previously reported against Bacillus lentus, E. coli, Vivrio cholera, Enterococcus faecalis and Shigella sonei [20] , it was not screened against most of the organisms cited in Table 2 . [20] . Apart from the antioxidant property of 3, it is also known to possess antiinflammatory, antiplasmodial, renal cellular membrane protecting and anticancer properties.
Experimental

General:
UV spectra were obtained using a Hewlett-Packard 8453 UV-Vis spectrometer. NMR spectra were recorded in CD 3 OD on a Varian Unity INOVA 400 MHz NMR Spectrometer 400 (400 MHz for 1 H and 100 MHz for 13 C) using the residual solvent peaks as internal standard. ESIMS were obtained from a Quattro II triple quadrupole instrument. HPLC separation was performed in a Dionex prep-HPLC System coupled with a Gynkotek GINA50 autosampler and Dionex UVD340S PhotoDiode-Array detector. A Luna C18 preparative HPLC column (10 m x 250 mm x 21.2 mm) was used. A Sep-Pak DSC-18 Supelco 10 g cartridge was used for pre-HPLC fractionation. HMBC spectra were optimized for a long-range JH-C of 9 Hz, and the 
Extraction and isolation:
The dried, ground seeds (100 g) were Soxhlet-extracted, successively, with n-hexane, dichloromethane and methanol. The isolation protocols for these compounds were exactly the same as the protocols outlined by O'Rourke et al. [5] .
Hirsutanonol (1)
Pale brown amorphous solid; 9.0 mg; yield 0.009%. UV (MeOH) λ max : 278 nm. 1 Brine shrimp lethality assay: Brine shrimp eggs were purchased from Water Life, Middlesex, UK. The bioassay was conducted following the procedure published previously [15] . LD 50 s were determined from the 24 h counts using the Probit analysis method [16] . Percentage mortalities were adjusted relative to the natural mortality rate of the control, following Abbots formula P = (Pi -C)/(1 -C), where P denotes the observed nonzero mortality rate and C represents the mortality rate of the control. [18] was adopted with suitable modifications [17] . DPPH (4 mg) was dissolved in MeOH (50 mL) to obtain a concentration of 80 μg/mL.
Qualitative assay: Test compounds (1-3) were applied on a TLC plate and sprayed with DPPH solution using an atomiser. It was allowed to develop for 30 min. The colour changes (purple on white) were noted.
Quantitative assay: Compounds 1-3 were dissolved in MeOH to obtain a concentration of 0.5 mg/mL. Dilutions were made to obtain concentrations of 5x10 -2 , 5x10 -3 , 5x10 -4 , 5x10 -5 , 5x10 -6 5x10 -7 , 5x10 -8 , 5x10
-9 , 5x10 -10 mg/mL. Diluted solutions (1.00 mL each) were mixed with DPPH (1.00 mL) and allowed to stand for half an hour for any reaction to occur. The UV absorbance was recorded at 517 nm. The experiment was performed in triplicate and the average absorption was noted for each concentration. The same procedure was followed for the positive control, quercetin. NCTC 11940) , and S. epidermidis (NCIMB 8558) using the 96-well micro-plate-based broth dilution method, also known as the checkerboard assay, incorporating resazurin as an indicator of cell growth [21] [22] [23] . Isosensitised nutrient broth was obtained from Oxoid, Basingstoke, Hampshire, UK. Microtitre plates were from Serowel, Bibby sterilin, Stone, Staffs, UK. Eppendorf pipettes were purchased from Netheter-hinz-Gmbh, 22331, Hamburg, Germany. Bacterial suspension (20 μL) in double strength nutrient broth at a concentration of 5 x 10 5 CFU/mL was used. Test compounds (1-3) were dissolved in DMSO to obtain the stock concentration 1 mg/mL. Ciprofloxacin, a well-known broad-spectrum antibiotic, was used as positive control. The minimum inhibitory concentration (MIC) was determined for each compound and compared with that of ciprofloxacin.
